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DETAILED DESCRIPTION 



[ Detailed Description of the Invention] 
[0001] 

[Industrial Application ] this invention relates to the ozone injection-rate control method of the water treatment process by the 

ozone performed for the purpose of removal of the musty-odor matter contained underwater in purification plant. 

[0002] 

( Description of the Prior Art ] Nasty smell taste generated in the water works of national every place in connection with the water 
pollution of the source of tap water so that a very high thing may also show the interest about "delicious water" recently (mainly 
musty odor) It has been a big problem. Although two matter of the diosmin which is besides the metabolite of an Actinomyces or 
a cyanobacterium as musty-odor matter of an aqueduct, and a 2-methyl iso borneol (2-MIB) is checked, the threshold 
concentration of the musty-odor matter which affects the nasty smell taste of a waterworks is very low concentration with about 
10-50 ng/1. Then, introduction of the complete-treatment system by ozone is considered in various places as a cure against 
removal of the above minute amount musty-odor matter. 

[0003] The reaction vessel which ozonizes by this water treatment system introducing the raw water which is processed water 
fundamentally, The ozonator which supplies ozonization air and ozone gas to the aeration pipe installed in this reaction vessel, 
Pouring decompose the ozone which it was constituted combining the ** ozonization machine etc. and generated with the 
ozonator in raw water within the reaction vessel, and aeration is carried out and it is made for catalytic reaction with ozone to 
decompose the musty-odor matter contained in raw water. 

[0004 ] By the way, it faces performing the aforementioned ozonization, and to the water quality of raw water, always, supervisor} 7 
control of the ozone injection rate to a reaction vessel must be carried out so that appropriately. That is, superfluous ozone 
pouring causes the increase in the amount of ** ozone, and the processing cost which makes ** ozone harmless goes up. 
Conversely, water expected when ozone injection rate ran short 

1 0005 ] The method of degree account is conventionally learned as the control method of on the other hand attaining 
rationalization of the ozone injection rate in said water treatment process. 

(a) How to control ozone injection rate so that the dissolved ozone level or ** ozone level in a reaction vessel is measured and the 
ozone level of raw water maintains a predetermined reference value based on this measurement result. 

(b) How to control ozone injection rate to measure the total -organic-carbon (TOC) concentration of raw water, and the flow rate 
of the raw water introduced into a reaction vessel, and to maintain the ratio of ozone consumption and TOC to a predetermined 
reference value. 

(c) How to measure an underwater dissolved ozone level based on the rate of an optical absorption in the specific wavelength of 
raw water, and control ozone injection rate. 

[0006] 

[Problem(s) to be Solved by the Invention] Water as excess and deficiency arose and expected ozone injection rate according to 
the experiment of a water treatment process which carried out the deer and which the artificer etc. conducted about the various 
aforementioned ozone injection-rate control methods Then, when the artificer etc. studied about this cause, it made him clear that 
the humic substance (organic substance, such as a humic acid and a FURUBO acid) and carbonic acid (inorganic substance) 
which live together universally have done the removal property of the musty-odor matter (diosmin, 2-MIB) by ozonization and the 
big influence especially to the catabolic rate into [ other than pH of raw water and water temperature ] raw water. 
[0007] this invention is made in view of the above-mentioned point, and the water treatment by ozone is faced it as mentioned 
above. Based on the knowledge which paid its attention about the humic substance and carbonic acid which live together in raw 
water, performed experiment and reaction kinetics-examination about the influence the quality of these concomitants affects 
disassembly of the musty-odor matter, and was acquired more The influence affect disassembly of the musty-odor matter by the 
humic substance which lives together in processed underwater one in the employment process of a water treatment process is 
compensated, and it aims at offering the ozone injection-rate control method which pours ozone into a reaction vessel the neither 
more nor less, and enabled it to disassemble the musty-odor matter efficiently. 
[0008] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the TOC (total organic carbon) 
concentration and total carbonic acid concentration of raw water shall be measured, and the amount of proper ozone required for 
disassembly of the musty-odor matter shall be calculated using a predetermined algorithm from these measured value, and the 
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ozone injection rate to a reaction vessel shall be controlled by the ozone injection-rate control method of this invention based on 
this. 

[0009] The amount of proper ozone required for disassembly of the musty-odor matter here From the relation between the TOC 
concentration and total carbonic acid concentration which were beforehand obtained by experiment, and the velocity constant 
(opposite ozone) of the musty-odor matter It shall ask for the relative velocity constant corresponding to the measured value of the 
TOC concentration of raw water, and total carbonic acid concentration, specifically A criteria ozone initial complement required 
for disassembly of the musty-odor matter is defined by making the velocity constant of the musty-odor matter in the underwater 
nature (humic-substance, carbonic acid) concentration zero of a concomitant into a criteria relative velocity constant, be fastidious 
-- at the TOC density range which gets twisted and shows a high relative velocity constant, the quantity of ozone injection rate can 
be decreased rather than the aforementioned criteria ozone initial complement, and ozone injection rate can be carried out by the 
method the quantity of is made to increase rather than a criteria ozone initial complement by TOC which shows a low relative 
velocity constant conversely, and the total carbonic acid density range 

[0010 ] Moreover, about the aforementioned ozone injection-rate control method, in order to control ozone injection rate still more 
finely pH of raw water and the water temperature other than TOC and total carbonic acid concentration are measured, and there is 
the computing-by predetermined operation expression-criteria ozone initial complement required for disassembly of musty-odor 
matter in nature concentration zero of concomitant corresponding to pH and water temperature measured value method. In this 
case, velocity constant k of the musty-odor matter (diosmin, 2-MIB) (1/hr) It receives. Diosmin : The dissolved ozone level C03 
(mol/1) is computed by substituting pH and the measured value of water temperature T (degree C) for the operation expression 
expressed with k=e43. 2+1.1 pH-e -10900/T-C032-MIB:k=e45.0+0.9 pH-e-1 1 100Ar-C03. The aforementioned criteria ozone 
initial complement can be calculated based on lias dissolved ozone level. 
[0011] 

[Function] An artificer etc. is research process in which rationalization of ozone injection rate required for ozonization in the 
water treatment process aiming at removal of the musty-odor matter is considered. In the reaction of the musty-odor matter in raw 
water (diosmin, 2-MIB), and ozone When investigated by performing experiment and reaction kinetics-examination about the 
influence the influence the humic substance in raw water (a FURUBO acid, humic acid) and carbonic acid affect disassembly of 
the musty-odor matter and pIT, water temperature, and a dissolved ozone level affect disassembly of the musty-odor matter, 
knowledge like degree account was acquired. 

[0012] First, the experiment investigated the influence the FURUBO acid as a humic substance which lives together universally 
in the raw water containing the musty-odor matter, and a humic acid (soil extraction) affect the relative velocity constant (opposite 
ozone) of the musty-odor matter (diosmin). Drawing 5 shows the result of this experiment. Here, a relative velocity constant 
expresses the relative value which set the velocity constant of diosmin in case the concentration of an underwater humic substance 
is zero to 1 . In addition, an experiment is initial concentration g/1 of 30micro of pH 7 water temperature of 20 degrees C of raw 
water, and diosmin, and was conducted by adding a FURUBO acid and a humic acid so that it may become inmg [ 0- 1 2 / // 1. and 
] by TOC concentration. The inclination for the relative velocity constant of diosmin to become small is shown, so that from 
drawing 5 3 and the relative reaction rate of diosmin is larger than 1 , and shows the maximal value (relative velocity constant 2) 
near TOC concentration 3 mg/1 in the little coexistence range and a FURUBO acid and a humic acid become high concentration 
conversely by the TOC concentration beyond it. Although the low-concentration FURUBO acid and the humic acid promoted 
decomposition by ozonization of the musty-odor matter from this, it was checked [ acting so that the direction of the influence as 
quality of an oxide-ed may become strong conversely and the decomposition promotion by ozonization of the musty-odor matter 
may be checked, or ] when it became high concentration. In addition, when investigated also about the influence of the humic 
substance exerted on decomposition of 2-MIB, the reaction rate showed the same result as the case of diosmin. 
[0013] Next, drawing 6 expresses the experimental result investigated about the influence underwater total carbonic acid 
concentration affects disassembly of the musty-odor matter (diosmin). In addition, an experiment is conducted like the above on 
condition that pH 7 water temperature of 20 degrees C of raw water, and initial concentration g/1 of 30micro of diosmin, and it is 
CaC03 to raw water. It added, underwater carbonic acid concentration was adjusted, and the relative velocity constant in case 
total carbonic acid concentration is lmgC02 / 1 was set to 1 . The inclination for the relative velocity constant of diosmin to 
become smaller than 1 is shown as total carbonic acid concentration increases so that clearly from drawing 6 , and for total 
carbonic acid concentration, h relative velocity constant is abbreviation at about 30 mg/1. It is halved in 0.5. This is presumed to 
be for a total carbonic acid to act as consumption matter of OH radical. And in the usual source of tap water, since underwater 
total carbonic acid concentration is about 20-50 mg/1, it is thought that total carbonic acid concentration has remarkable influence 
on disassembly of the musty-odor matter on the occasion of ozonization. 

[0014] On the other hand, in order that pH, water temperature, and a dissolved ozone level might investigate the influence affect 
disassembly of the musty-odor matter apart from the aforementioned experiment, it experimented in the pure water which does 
not contain the quality of a concomitant. It was shown, and an experiment is on condition that initial concentration 300 ng/1 of the 
water temperature of 20 degrees C, diosmin, and 2-MIB, and performed influence whose pH exerts drawing 7 on the velocity 
constant (opposite ozone) of the musty-odor matter (diosmin, 2-MIB). A velocity constant becomes large, so that from drawing 7 
and pFI becomes high. 

[001 5 ] Moreover, it was shown, and an experiment is on condition that initial concentration 300 ng/1 of pH 7 diosmin and 2-MIB, 
and performed influence whose water temperature of raw water exerts drawing 8 on the velocity constant of the musty-odor 
matter (diosmin, 2-MIB). A velocity constant becomes large, so that from drawing 8 and water temperature becomes high. 
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[ 00 1 6 ] Moreover, the influence whose underwater dissolved ozone level exerts drawing 9 on the velocity constant of the 
musty-odor matter (diosmin, 2-MIB) was shown, and the experiment was conducted on condition that initial concentration 300 
ng/1 of pi I 7 water temperature of 20 degrees C, diosmin, and 2-MIB. A velocity constant becomes large, so that from drawing 9 
and a dissolved ozone level becomes high. 

[00 1 7] Furthermore, in addition to each experimental result shown by drawing 7 - drawing 9 , it checked that the velocity constant 
k of the musty-odor matter in the nature concentration zero of a concomitant (pure water) could be expressed with the formula 
shown below from the experimental result which made the parameter pH and water temperature T (K) and the dissolved ozone 
level C03 (mol/1), and performed them several kinds. 

Diosmin: k=e43.2+l. 1 pH-e -10900/T-C032-MIB:k=e45.0+0.9 pH-e-1 1 100/T-C03 [0018] And ozonization of raw water is 
faced this invention based on the knowledge acquired in the aforementioned experiment. From the relation (refer to drawing 5 and 
drawing 6 ) between the TOC concentration and total carbonic acid concentration which measured TOC of raw water, and total 
carbonic acid concentration, and were obtained from the aforementioned experiment based on this measured value, and a relative 
velocity constant The proper amount of ozone required for the catabolic rate of the musty-odor matter and disassembly of the 
musty-odor matter is calculated. It was checked that decomposition processing of the musty-odor matter which controls the ozone 
injection rate supplied to a reaction vessel based on this, pours in ozone the neither more nor less by this control method, and is 
contained in raw water can be carried out effectively. 

[0019] Moreover, the controllability of ozone injection rate improves further by measuring pH of raw water, and water 

temperature in process of the aforementioned ozone injection-rate control, computing a criteria ozone initial complement required 

for disassembly of the musty-odor matter in the nature concentration zero of a concomitant corresponding to pH and water 

temperature measured value by the aforementioned operation expression, and carrying out amendment control of the ozone 

injection rate supplied to a reaction vessel based on this. 

[0020] 

[Example] 

Example 1 : The flow the schematic diagram of a water treatment system view [ drawing 1 ] of the ozone injection-rate control 
method according / drawing 2 / to drawing 1 is shown. First, in the schematic diagram of drawing 1 , as for the ozone aeration 
pipe which allotted 1 to the reaction vessel and allotted 2 to the pars basilaris ossis occipitalis of a reaction vessel 1, and 3, an 
ozonator and 4 are ** ozonization machines, and in the amount of about 1 steady Hows, the raw water as processed water is 
introduced into the ozone reaction vessel 1 , is ozonized, and flows out of a reaction vessel 1 as a treated water after that. 
Moreover, the ozonization air generated with the ozonator 3 or ozone gas disassembles pouring and the musty-odor matter which 
aeration is carried out and is catalytic-reaction-contained in raw water by making underwater into raw water in process in which it 
goes up into the raw water introduced in the tub through the aeration pipe 2. Moreover, the ** ozone of the surplus which came 
out on the water surface in a tub is emitted into the atmosphere, after harmless— ization-processing with the ** ozonization vessel 
4. On the other hand, the instrumentation of the TOC analyzer 5 is carried out to the supply pipe way of the raw water introduced 
into the ozone reaction vessel 1 , and the control systems to an ozonator 3 including a computing element 6 and a control section 7 
are constituted. 

[002 1 ] Here, it computes TOC (total organic carbon) concentration by the TOC analyzer 5 measuring the total-carbon (TC) 
concentration in raw water, and inorganic-carbon (IC) concentration, and deducting IC from TC further, and outputs it to a 
computing element 6. Moreover, in a computing element 6, while computing underwater total carbonic acid concentration based 
on the measured value of the TOC analyzer 5, the amount of required ozone corresponding to the TOC concentration in the raw 
water at that time and total carbonic acid concentration is further computed from the relational expression of the TOC 
concentration and total carbonic acid concentration which were shown in drawing 5 and drawing 6 , and the relative velocity 
constant of the musty-odor matter, and the result is outputted to a control section 9. And based on the input from operation part 8, 
a control section 9 inverter-control- generates the necessary amount of ozone, for example, and pours the electric discharge power 
of an ozonator 3 into a reaction vessel 1 through the aeration pipe 2. 

[0022] If the above-mentioned control action is described still more concretely, a criteria ozone initial complement required for 
disassembly of the musty-odor matter as criteria ( drawing 5 , relative velocity constant 1 in drawing 6 ) of a relative velocity 
constant will be defined for the velocity constant of the musty-odor matter in the underwater nature concentration zero of a 
concomitant, and in the state (TOC density range of 6 or less g/1 in drawing 5 ), i.e., the TOC density range a relative velocity 
constant indicates a relative velocity constant higher than 1 to be, where the catabolic rate of the musty-odor matter becomes 
quick rather than this The ozone yield in an ozonator 3 is controlled to reduce ozone injection rate rather than the aforementioned 
criteria ozone initial complement in proportion to the value of the relative velocity constant. Conversely, it controls by the state, 
i.e., TOC which shows a low relative velocity constant with a relative velocity constant smaller than 1 , where the catabolic rate of 
the musty-odor matter becomes low, and the total carbonic acid density range to make the quantity of ozone injection rate increase 
rather than a criteria ozone initial complement. The influence of the humic substance exerted on disassembly of the musty-odor 
matter and total carbonic acid concentration can be compensated by this, and decomposition processing of the musty-odor matter 
which pours ozone into a reaction vessel the neither more nor less, and is contained in raw water can be carried out. 
[0023] Drawing 3 and drawing 4 explain example 2:, next the example into which the aforementioned example 1 was developed 
further. As a factor of ozone injection-rate control, this example applies pH of raw water and the water temperature other than the 
TOC concentration of raw water, and total carbonic acid concentration, is made to perform still finer control, in drawing 3 , in the 
supply pipe way of raw water, carries out additional instrumentation of the pH meter 8 and thermometer 9 other than the TOC 
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analyzer 5, and constitutes the control system to an ozonator 3. 

(0024] When pH of the raw water measured with the pH meter 8 and the thermometer 9 and the measured value of water 
temperature are outputted to a computing element 6 here according to the flow view of drawing 4 , in a computing element 6 
Substitute the measured value of Above pH and water temperature (T) for the operation expression of degree account first, and 
the dissolved ozone level C03 (mol/1) to the velocity constant k (velocity constant in the underwater nature concentration zero of a 
concomitant) of the predetermined musty-odor matter (diosmin, 2-MIB) is calculated. The criteria ozone initial complement 
(ozone injection rate which the above pM in case the nature concentration of a concomitant of raw water is zero, and disassembly 
of the musty-odor matter corresponding to water temperature take) corresponding to this is computed. 

Diosmin: k=e43. 2+1.1 pH-e -10900/T-C032-MIB:k=e45.0-K).9 pH-e-1 1 100/T-C03 [0025] Moreover, in a computing element 
6, while computing underwater total carbonic acid concentration based on the measured value of the TOC analyzer 5, it considers 
as the amount of required ozone corresponding to the relative velocity constant 1 which expressed the criteria ozone initial 
complement described further the point to drawing 5 and drawing 6 , the amount of required ozone corresponding to the TOC 
concentration in the raw water at that time and total carbonic acid concentration is computed from drawing 5 and the property 
relational expression of drawing 6 on the basis of this, and the result is outputted to a control section 7. And a control section 7 
controls an ozonator 3 similarly with the example 1 having described based on the input from operation part 6, generates the 
necessary amount of ozone, and pours it into a reaction vessel 1 through the aeration pipe 2. 
[0026] 

[ Effect of the Invention] In the water treatment process by the ozone of the source of tap water which was described above and 
which is performed for the purpose of decomposition removal of the musty-odor matter like according to the ozone injection-rate 
control method of this invention The TOC concentration corresponding to the quality of a concomitant in the raw water which 
affects the water treatment property of ozone (a humic substance, carbonic acid), total carbonic acid concentration, Or by having 
controlled ozone injection rate by using TOC, total carbonic acid concentration and pH of raw water, and water temperature as a 
factor Decomposition processing of the musty-odor matter which always pours ozone into a reaction vessel the neither more nor 
less corresponding to the water quality of processed raw water, and is contained in raw water can be carried out proper and 
effectively. 
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CLAIMS 



[Claim(s)] 

[ Claim 1] The ozone injection-rate control method of the water treatment process characterized by measuring the TOC (total 
organic carbon) concentration and total carbonic acid concentration of raw water, and calculating the amount of proper ozone 
required for disassembly of the musty-odor matter using a predetermined algorithm from these measured value, and controlling 
the ozone injection rate to a reaction vessel based on this in the water treatment process into which earn' out aeration of the ozone 
to the raw water containing the musty-odor matter introduced in the reaction vessel, and the musty-odor matter is made to 
disassemble. 

[Claim 2 J The ozone mjcction-ratc control method of the water treatment process characterized by asking for the relative velocity 
constant corresponding to the measured value of the TOC concentration of raw water, and total carbonic acid concentration, and 
computing the amount of proper ozone required for disassembly of the musty-odor matter based on this relative velocity constant 
in the ozone pouring control method according to claim 1 from the relation between the T OC concentration and total carbonic 
acid concentration which were beforehand obtained by experiment, and the velocity constant (opposite ozone) of the musty-odor 
matter. 

[Claim 3] In the ozone injection-rate control method according to claim 2, a criteria ozone initial complement required for 
disassembly of the musty-odor matter is defined by making the velocity constant of the musty-odor matter in the underwater nature 
(humic-substance, carbonic acid) concentration zero of a concomitant into a criteria relative velocity constant. In the TOC density 
range which can come, gets twisted and shows a high relative velocity constant The ozone injection-rate control method of the 
water treatment process characterized by controlling by TOC and the total carbonic acid density range which decrease the 
quantity of ozone injection rate rather than the aforementioned criteria ozone initial complement, and show a low relative velocity 
constant conversely to make the quantity of ozone injection rate increase rather than a criteria ozone initial complement. 
[ Claim 4] The ozone injection-rate control method of the water treatment process characterized by measuring pH of raw water 
and the water temperature other than TOC and total carbonic acid concentration, and computing a criteria ozone initial 
complement required for disassembly of the musty-odor matter in the nature concentration zero of a concomitant corresponding to 
pH and water temperature measured value by predetermined operation expression in claims 1 and 2 and the ozone injection-rate 
control method of three publications. 

[Claim 5] It sets to the ozone injection-rate control method according to claim 4, and is the velocity constant k (1/hr) of the 
musty-odor matter (diosmin, 2-MIB). It receives. The following relational-expression diosmin : The dissolved ozone level C03 
(mol/1) is computed by substituting pH and the measured value of water temperature T (degree C) for k=e43.2+l . 1 pH-e 
-10900/T-C032-MIB:k=e45.0+0.9 pH-e-1 1 100/T-C03. The ozone injection -rate control method of the water treatment process 
characterized by calculating a criteria ozone initial complement based on this dissolved ozone level. 
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». J^iS*SilW^1*I**tf^T:J:D!f?caft?:Stc. 

ttB* icci: h wmm<o^akm use 

»JB*c * * J: 0 K L * y > a ASNISI*** 
[000 3] 

[«a*Kfcr£fctf>o^R] ±3asa*K&'r£fctf> 

C ft 6 6 Bfr *<D 7 ^ 3 M X A * ffi t * X 

[000 9] C C T\ JWX^<9aKK4Wa&iE* 

ff^6, JE*<&TOC*«. *«»iS«<P»J*fStc#]£ 
C/ctB*fJSlE;it!S*»€:**i4>©<tL, mttffltfl*, 

n < fcn*^ti«SJKa*?E»**TTOCi*jKaB , c* 
I*. ^y>aAS*sria^tt3l*y>j?*SJ:Dt«g 
0. «c«i4B*iJSJ35*«*a**TTOC P 

[ooio] *tc* piao+y>?iAS*iJffli*?i«:^>^ 

r. ^y>SAS*J:0--a*/<>»^<«ai'riAii6 
CC. TOC, ££Kv£#Wi*HCI£*C9p H, *i££fl!J 

£ffl39B?iftHz a tc fc W :RtoW®$l?KsiKtt£ 

». ^0'**B < * * 2 -M I B ) OSltitft 
tE&k ( I /hr) tC#0. 

> ; k = e' J ■ e- ,D ^ 0/T - C*. 

2-MI B : k = e" • e - ,1,<M " T ■ Co, 

rftLfcftVaKpH, feJ:o'/k®T <*C> Oim&Z 
KALirfclWv^iMfcC.. (inol/l) fclltiJU 

[001 1 ] 

®s -b x-c©* y >tewciM!a * y >a asom 

2-MIB) i*V'>iOSlt*:to^x. JE* 
*C9G§tetag < 7 * >5S> . WBto^^OSMH 

y^ifiA^^^go^feccSti-rS^tc^^, & 



(3) ttKff 6-269786 

[ 0 0 1 2 ] **\ ^CX««»*^JI[***c#aKCi: 
(*t*y>) EEUFT RB*JtBccj;")ilK«fc. 1351* 

10 ©7*^, frte. .*»liJ8Wc<0p H7. 7kifi20X, t> 

5 ><DttMiS/$3 0 m g/ I V. ?ji>*k. > 

fl(B*l J: 0 TOC*£3m*/ I tfjfi-Cft*: 

ffi <ffl*tJ5J£*«*«2 ) *ftW±4>TOC* 

<0KIK>^tt< ^O^SttS^V'^^aic <t^* 
te. 2-M I B©»K^afi»IW»B«>JUWc^c»r 

^an^fcic^. -e<?>jsitimtii^*^s>a>ii^tra 

[0013] XK, @6C***<D^BS*a^^*«? 
30 (f/KOftfr-CtTl*, ^K'irCaCO, 

*^«3 0 in sr / I ChtB«SIfia«**t**I 0.5K* 
^T^o cn«±J»K^0H7^^©^««!Bil/r 

*as-Cli**©±^K«ft^2 o -5 Orn tr/ 1 fUt-C- 

40 *B©»K^'^0S;»«:a^t*i.**6n^. 

[00 14]-*, 1512^«iliMK. pH, ^S, « 
ff*V">*jft*i^cXA*B^»K^ROTS;»*sl9^i 
/ctf)!C, *ff«B*^*^^«*<^-C'*lll«S:tf-?fco 
B7{*pH^WA«!S (^3fX = >. 2-MIB)<D 

^>D. XM(^kfi2 0'C. ^^X^>, 2-MIB(D^ 
^SS3 0 0 n g/ I ^rtr-ClT^^Co 07^6^6 
7»/tc J: ^ tc , p H^jS < «c i-JSi£ii**»^* * < 

SO [0015]* Ac. @ 8 ««L*<0*ffl*^O'JSi«B ( ^ 
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^;>, 2 -M I B) <O^M&S[SE1i^R\zt9^4c 
mbtckOV&L *K«pH7, ^*AS>, 2-M 
I B<D*m&&Z 0 Ong/I Oftft-crfrofc. 08 

A*<fr&o 

[0016] ffc, @9«**©jSff3i-v >«r^c; 
*««(5/*^£> i 2 -Ml B) ©Kl6i«Ute©&ecH 

trriai**L/fc«><?)r-A«), H5*c*pH7 v *»2 0 

*C l>*A ±y. 2 -M I B<7>ttffl*6£3 0 0 n g/ I 
o.* 1*T?R o fc. m 9 IB <fc 9 * V ">?S 

[00 17] 3*>tc, 07 Ha9r^LfcfflT^*K*S 
*K*D>L'C % pH, TkUT <K) , jg94-V>tfltC«j 
(mo l/l ) *£or»iiO*ff^c*& 

fc. 

> : k = e< J ■ e' ,0 " 0/T - C 0 , 

2-MI B : k = e° - e " ,l,M/T - C„ 

[ 0 0 1 8 ] * L-C, *«?BJtTOs2*»T:iifc»B*it 
sc. JSWc^^VX&fflcc^Li:, JR*G>TOC, 
?fcg £»J* b . C OjMtfji ££tc pie^u* J: o mc T 0 
C£fg, ^«»B*itl«5J£»*ZEttiO>Wff? (0 
5, B6#K> rt^, ^»fi»B©»»?i*ft, 
y'*1W^»|?^RfeaE^*y>a***C>. CM 
UK EJfiStgKIKIST £ * k />?iAfi* Mfflf 6 J: 5 ic U 

Jiwsnw * c i w * h c t&mz ntc» 
[ooi9] * pssco^7>SAS*«ai^a?i-C'Ji 

*©pH, *S*«*0. BEQiMISWilJMJpH. * 

ccgfcteicflUST** y >ftAS4rM£M«rr « C i cc 

[0020] 
MUM] 

1 ;@Ui^lv^tmtti, 0 2 ($0 1 
CC J: Z> * V > a A A WM4 7 P - B £ th* i <0 1? *> 
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[0 0 2 1 ] CCt\ TOC^ttlt5(*M*#©±/*5K 
(TO Mt < IC) O. Sfcfc 

Tca*fc i c^i^U'-ctoc (^sa^S) 

B6tc^c*:TOCiftS. ±« 

•e©B<o^*^TOcaiS. £ttKB*cc*rtfcT*# 

£B 3 ^ttW**«i** ^ > "f - * Man b tjMWP* 
[0 02 2] JLieo>MMf¥« S ^tCH«4*Ci*^& 

^sw^-y'^^se^^^o -eo-c. cnj:0 4>3^tf 

1 <t 0 feiS^fflWSlc.iSSSK**^ T0C«* 
$S0 <B5(C^&6 sr/ 1 WT^TOCtfttSH) f' 

. -e^tiwsfca*t»^tt^ftw it*^ a as 
^pa<o»ai+ v> f ^sa <t o g« l; * i: ^ *c * 

Kit A^«< ft -9*0 fl^^(t.iiS^»*^ 1 i: 

mcvtxttuwm. ±«Br«*^»*»«L. *:/ 

[0 02 3] *Jfi«2 ; WitdMfcM 1 6td#fe 
M5^A:^lfei9l|?:03, B4T'SMJ3T* 0 C^MIM 

40 3 IC feC » -CJBl*©«|6*BK li T 0 C »#rl+ 5 ©CJ^td 
pH!t8, itltl+9«:jfiJlllMtO , C*V>#64B3*C» 

[0024] CCf, B4©7D-HtC0fc^-?X, P 
Hit 8, : a&tt9vmfclstcm&<?>pH, *fl©iW*it 

OW^f (^^^>, 2 -MI B) iDSRtitdCC 
uMr&tiHttV'sMlCi* (mo 1/1 ) 4rSlf50, 
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#0^8- 2 6 9 7 8 6 



rtHs D T?#> *<DjMBp H . *BK*«6 0 fc#*tf .fttt 

* > ; k = e° ■' , ■ e" 
2-MIB;k = e M • e" 

[002 5] *fc, »#B6T?«TOC»*rlt5cr>ilt 

&<cft£cfc£** v >iiz«s*H 5 . m e ten u fcti 

0. *<Ptt*£MB*7tfto*T*. tLT, »^7 
ttf*JW6*6cc>Aa*«e*BMI 1 ■ca^fctRttltc 

as 2 *a u-c Sf&tt i tc sat ^>o 

[002 6] 

[■JWW>»*3 ^it^cfc^cc, **iwa>*v>aA 
B<S*t*!H. T0C*£, 

< KiSttK aA o r^Kcc^i tra * fiftttf MM 



10 



' [BB4>B*«£fi] 
[HI] ^^Ma^ttl^Ar^^ 
[B2] HlfcJ:4*y>aA«*IW*ft^7n-H 

[S3] ait.«^*nnirt<D*«m^A^AB 

[[34] B3tcJ:6*^ttA«Bi*ft07a-H 
[f35] B«SJI^Uf*«I(<D»WKatJrJ!?B** 

ftTHffiB 

[[37 ] **or)pH^tf«*H«>»IBcca^TK*& 
<£[3 

[[39] **©jSff*^/>a*j!i*3WjMw«>»i?tca 
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[*ISttiE 1 } 

[ Bffi 
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